Leptoquarks have been suggested to solve a variety of discrepancies between the expected and observed phenomenon. In this paper, we investigate the effect of scalar lepto- 
Introduction
In recent times, the study for rare decays of B meson induced by the flavor changing neutral current (FCNC) process b → s(d) play a very important role to text the standard model (SM) and to provide crucial information in our search for New Physic(NP) beyond SM. The SM contributions to the rare B meson decays which involve FCNC process b → s(d) are absent at the tree level due to the Glashow-Iliopoulos-Maiani(GIM) mechanism and occur via the oneloop level. At the same time we find the result of B(B → K ( * ) µ − µ + )/B(B → K ( * ) e − e + ) in LHCb measurements deviate from the SM predictions (≈ 1) by 2 − 3σ [1] and the other notable deviations angular observable P ′ 5 between theory [2] and experiments [3, 4] for B → K * µ − µ + .
The lepton flavor violating (LFV) decay of the process ℓ → ℓγ, Z → ℓl ′ and h → µτ have been searched in LEP1, International Linear Collider(ILC) and CMS [5] [6] [7] . The lepton flavor non-universality of processb →sℓ − ℓ + decays imply LFV processes may be seen in B decays [8, 9] . The experimental observation for the LFV decays will provide unambiguous signal for NP beyond the SM. In this paper, we will investigate the LFV of B meson decay process
in the scalar leptoquark model. It is well known that leptoquarks (LQs) are color-triplet bosonic particle which can couple to a quark and a lepton at the same time and can occur in various extensions of the SM [10, 11] .
They can also have spin-1 (vector leptoquarks) or spin-0 (scalar leptoquarks). In this article, we are intended to investigate the effect of scalar leptoquarks on the LFV B s → ℓ [12, 13] as well as in quark and lepton composite models [14] . The phenomenology of scalar leptoquarks have been studied extensively in many literature [15] [16] [17] [18] [19] [20] [21] [22] [23] . It is generally assumed that the vector leptoquarks tend to couple directly to neutrinos, and hence it is expected that their couplings are tightly constrained from the neutrino mass and mixing data.
Therefore, in this paper we only consider the model where leptoquarks can couple to a pair of quarks and leptons and may be inert with respect to proton decay. Hence, the bounds from proton decay may not be applicable for such cases and leptoquarks may produce signatures in other low-energy phenomena [23] .
In this paper the upper limits on the relevant lepton number violating (LNV) coupling products due to the exchanges of scalar leptoquarks are obtained from the recent limits of
and shown in detailed in this paper. We also examine the constrained effects on these decays and we find there are very obvious NP coupling effects on the dileptonic invariant mass spectra, the single lepton longitudinal polarization asymmetries and the forward-backward asymmetries.
The outline of this paper is follows: In section 2, we recapitulate briefly New physics contribution to the LFV decays b → sℓ − i ℓ + j in the scalar leptoquark model. In section 3 we present the numerical analysis for the branching ratios and other physical observed quantity. Section 4 contains the summary and conclusion.
2 New physics contribution to the LFV decays b → sℓ
due to scalar leptoquarks
As is known to all, the family lepton number (L e , L µ , L τ ) are exactly conserved in the standard model. Consequently, the lepton flavor violation processes are absolutely forbidden in the SM. In this paper we mainly investigate LFV processb →sℓ As discussed in other articles [23] [24] [25] [26] [27] [28] [29] [30] [31] , out of all possible leptoquark multiplets we will consider the minimal renormalizable scalar leptoquark models, containing one single additional representation of SU(3) × SU(2) × U(1) and which do not allow proton decay at the tree level. The scalar leptoquark multiplets can have the representation as X = (3, 2, 7/6) and X = (3, 2, 1/6) under the gauge group SU(3) × SU(2) × U(1). Our objective in this paper is consider these scalar leptoquarks, which contribute to the processb →sℓℓ and constrain the couplings from the experimental data of B s → ℓ
These scalar leptoquarks can have sizable Yukawa couplings and could potentially contribute to the quark level transition b → qℓ − ℓ + . The tree level Feynman diagram for the LFV process Fig.1 . Owing to the chirality, diagonality nature and the conservation of both baryon and lepton number, these leptoquarks processes will provide an effective way looking for their effects in rare B meson decays. The details of new contributions have been explicitly discussed in Refs. [23] [24] [25] [26] [27] [28] and here we outline the main points simply. There are two Lagrangian for processb →sℓℓ due to the coupling of scalar leptoquark X=(3,2,7/6) and In this mold the interaction Lagrangian is given as
where i, j are the generation indices, Q L and L L are the left handed quark and lepton doublets, u R and e R are the right handed up-type quark and charged lepton singlets and ǫ = iσ 2 is a 2 × 2 matrix. More explicitly these multiplets can be found in Refs. [23] [24] [25] [26] [27] [28] . The use of Fierz transformation, leads to the leptoquark effective Hamiltonian for the processb →sℓ
Mold B: X=(3, 2, 1/6)
In this mold the interaction Lagrangian is given as
where the notations used are the same as the previous case. The leptoquark effective Hamiltonian are gotten with the same approach above
After theoretically analyzing and comparing, we find the current matrix elements of hamiltonian in mold B are same with the structure of R-Parity Violation for process b → sℓ − i ℓ + j in our previous work [32] . This will lead to that variation trend of many physical observed quantity are very similar with the result of our previous paper. Further more, from Eq. (2) and Eq.
(4) one can see difference of the current matrix elements is that replace 1 ± γ 5 with 1 ∓ γ 5 .
However, the effect on these differences is not significant except the single lepton longitudinal polarization asymmetries in the final result of two molds.
The
Using the above information, we can get total decay branching ratios
in the scalar leptoquark model. There are differences between this work and our previous work. There are three NP coupling parameters in our previous paper [32] . But only one coupling parameter are shown in this paper. Meanwhile the NP coupling parameter is counteracted in final
By comparing, we find that the difference between this work and our previous work is the hadronic and leptonic helicity amplitudes shown in above Eqs. (8) - (14).
Numerical results and analysis
In this section we investigate the scalar LQ effects on the aforementioned physical observed quantity of the process B s → ℓ
In this work instead of using the experimental branching ratios of the B s → µ − µ + [35] [36] [37] , the latest experimental measurements of B s → ℓ 
However, we find these differences in Eqs. (2) and (4) [ [38] [39] [40] . Now, using the experimental upper limits displayed in the second columns of Tabs. 1-2, we constrain the allowed spaces of the relevant NP coupling products. Our numerical LFV predictions of the branching ratios due to scalar leptoquark exchange are lisited in the last two columns of Tabs. 
The upper limits of the restrained NP coupling parameter space are shown in the third column of Tab. 3. From Tab. 3 we find that the moduli of the restrained NP coupling products appeared in this six processes are strongly restricted by present measurements. At the same time we also find that the moduli of the LNV coupling products appeared inb →se − µ + ,sµ − e + transitions are stronger. The last column listed in Tab. 3 are previous upper limits. The indices "a" and "b" denote the processes that give the constrained of the coupling products in Ref. [23-26, 41, 42] . All the couplings λ and λ * in Ref. [42] are real and equal to each Exp. Limits mold A X=(3,2,7/6) mold B X=(3,2,1/6) 
other and the leptoquark mass M s are 500GeV [42] and 100GeV [41] , which method is indicated "a".
The bounds for the relevant coupling B → ℓ + ℓ − are listed in Tab. I in Ref. [26, 27] and Tab. II in Ref. [24] , which method is indicated "b". It is worthwhile to note that the limits of the processes b →sµ − e + ,b →sτ − e + andb →sτ − µ + are not listed in Tab. 3. Because in that papers only process [24, 26, 27] . It is clear to find that our upper limits are stronger than previous ones "a" which mainly come from process B → Xℓν(ℓℓ) besides K → πνν.
Using the upper limits of the constrained coupling parameter spaces listed in Tab. 3, we next investigate the NP effects on the branching ratios, the dilepton invariant mass spectra, the differential forward-backward asymmetries and the single lepton longitudinal polarization asymmetries of the B meson decay.
Noted that, after detailed researching, we find that the difference of the effect for two molds is not significant except the single lepton longitudinal polarization asymmetries (P ℓ ± L ) in the final result of two molds. We find that all branching ratios are very sensitive to and great increasing with the moduli of NP couplings parameters and this is similar with the effects due to the squark exchange coupling
ik2 in our previous papers except the specific data is different [32] . So we do not display the NP coupling effect on branching ratios of the LFV processb →sℓ
Besides, the contributions on dB/ds and A F B for B + → K ( * )+ ℓ − i ℓ + j due to the scalar leptoquark exchange in this two molds are also investigated. Fortunately, the variation trend of this two physical quantities are also similar with the article [32] . For simplicity, this article doesn't show the effect on dB/ds and A F B anymore. Nevertheless, it is worthwhile to note that the variation trends of dB/ds
is consistent with Ref [26, 27] . However, the variation trends of dB/ds for process [26] . The cause of this difference is mainly from that the author have neglected the mass of the kaon, pion, muon and electron for simplicity. In this paper we consider the mass of all particles in our calculation.
It is regrettable that no literature has investigated the A F B and P ℓ ± L for relevant LFV semileptonic B → K ( * ) ℓ − i ℓ + j decays in the scalar leptoquark model so far [23] [24] [25] [26] . In our previous paper we clearly display the RPV coupling effect on A F B and P ℓ ± L in the form of a two-dimensional scatter plots for three NP couplings [32] . After accurate calculation and inquiry, we find that the NP coupling effect on A F B due to scalar leptoquark exchange is similar with our article [32] . Last but not least, for P ℓ ± L , the effect due to scalar leptoquark exchange has slight difference between mold A and mold B. So we mainly investigate the effect on (P ℓ ± L ) in two molds. From the expression given in Eqs. (11)- (14), we know the P ℓ ± L due to the scalar leptoquark exchange depend on the lepton masses, relevant form factors and s besides the NP coupling parameter. We take 
Summary and conclusions
In this paper, inspired by the recent anomaly measurements of the LFV decays h → µτ, ℓ → ℓγ, Z → ℓl ′ and the lepton flavor non-universality in decaysb →sℓ − ℓ + , we have investigated the NP effects dut to the scalar leptoquarks exchange in the processes B s → ℓ . Moreover, our bounds of these LFV coupling parameters are stronger than the previous ones. The possible NP effects in these LFV B decays have been predicted due to the scalar leptoquark exchange by using the allowed LNV couplings spaces. It is clear to find that all the branching ratios are very sensitive to and great increasing with the moduli of the LNV coupling products due to scalar leptoquark exchange in mold A and mold B respectively. Moreover, the allowed effects of the scalar leptoquark exchange couplings on other physical observed quantity are also discussed and these observed quantities were not discussed in previous papers about scalar leptoquark model yet. After discussion, it is clear to find following scenarios: the constrained NP coupling have quite obvious effect on the forward-backward asymmetries of these B decay processes.
At the same time, particularly for the single lepton longitudinal polarization asymmetries, we find that the NP couplings effects on the LFV semileptonic decays of B meson have opposite result in two molds. In this work the analysis has been performed for the scalar leptoquarks case. In the future, it is possible that the vector leptoquarks may also contribute to the LFV decay process of B meson.
With the rapid development of LHCb and forthcoming Belle-II experiments, the results we get in this work could be a perfect way to probe the NP effects, and will correlate strongly with study for the leptoquark signals in the future experiments.
A Formulae of the B → Kℓ
Because the axial-vector current matrix elements K(p K )|sγ µ γ 5 b|B(p B ) = 0, we find that the hadronic helicity amplitudes are same with each other for X = (3, 2, 7/6) and X = (3, 2, 1/6).
The the helicity amplitudes for B → Kℓ − i ℓ + j we use in this paper for scalar leptoquark model are same with the H 0 (q 2 ) and H t (q 2 ) shown in Eq. (26) of our paper [32] . For the form factor for H 0 (q 2 ) and H t (q 2 ) are from Refs. [39, 40] Similar to the method in Refs. [43, 44] we obtain the form of lepton helicity amplitudes in the leptoquark model. 
,λ ℓ j =∓ 1 2
the superscript of h represent X = (3, 2, 1/6) and X = (3, 2, 7/6) respectively. For mold B X = (3, 2, 1/6) the lepton helicity amplitudes are same with h 1 listed in Eq. (28) due to squark exchange in RPV SUSY model [32] . For mold A X = (3, 2, 7/6) the lepton helicity amplitudes 
